Abstract -The subject of on-line detection and location of inter-turn short circuits in the stator windings of three-phase induction motors is discussed, and a noninvasive approach, based on the computer-aided monitoring of the stator current Park's Vector, is introduced. Experimental results, obtained by using a special fault producing test rig, demonstrate the effectiveness of the proposed technique, for detecting inter-turn stator winding faults in operating three-phase induction machines.
I. INTRODUCTION
Previous research, concerning the use of Park's Vector Approach, has demonstrated the effectiveness of this noninvasive technique for diagnosing malfunctions, such as, single-phasing, open wound-rotor faults, airgap eccentricity and rotor cage faults, in operating three-phase induction motors [I 1-13] .
Unfortunately, an induction motor can fail due to other fault mechanisms [4] . Stator winding failures, which can occur due to a combination of thermal, electrical, mechanical and environmental stresses that act on the stator [5] , are found to be one of the major causes of motor failure [4].
The subject of on-line detection of inter-turn short circuits in the stator windings of three-phase induction motors has been addressed by some researchers. Techniques such as those based on the spectral analysis of the motor current [6], frame vibration [7] , [SI, or the axial leakage flux [71, [9] , have been proposed. An on-line method to detect incipient failure of turn insulation in random-wound motors, based on an indicator termed the effective negative-sequence impedance which is computed from the voltage and current phasors at the motor terminals is also described in [IO] . This paper introduces a new approach, based on the computer-aided monitoring of the motor current Park's Vector representation, for diagnosing inter-turn stator winding faults in operating three-phase induction machines. Under ideal conditions, the motor current Parks Vector representation is a circular locus centered at the origin of the coordinates. However, under faulty conditions the observed picture will differs from the reference pattern. The operating philosophy of the Parks Vector Approach is thus based on identifying unique signature patterns in the figures obtained, corresponding to the motor current Park's Vector representation.
LABORATORY TESTS

A. Details ofthe Test Rig
The test motor used in the experimental investigation of the occurrence of inter-turn stator winding faults was a three--phase, 50 Hz, 4-pole, 15 kW, SEW-EURODRIVE squirrel cage induction machine, type DVl60L4, rated at 400 V, 29.5 A and 1450 rpm.
The stator winding has been modified by addition of a number of tappings connected to the stator coils, for each of the three phases. The other end of these external wires is connected to an enlarged motor terminal box, allowing for the introduction of shorted turns at several locations in the stator winding. The motor has two parallel paths per phase and a total of 147 turns per patwphase. The stator winding arrangement is illustrated in Fig. 1 and the location of the tappings for one of the motor phases (phase A ) is shown in Fig. 2 .
The diagnostic instrumentation system used basically comprises a Macintosh II@ microcomputer supporting a Data Translation data acquisition board, model DT 2228@, connected to three clip-on current probes, type Chauvin Arnoux PAC 500@, through a preconditioning module. Further details of this diagnostic instrumentation system can be found in [2].
B. Experimental Results
The motor was initially tested, in the absence of faults, in order to verify the current Park's Vector reference pattern. Subsequently, shorted turns were introduced in the stator winding and current Parks Vector examined as a function of the degree of severity of the fault and its location. The motor was delta connected and a shorting resistor was used, whose value was chosen so as to create an effect strong enough to be easily visualized, but simultaneously big enough to limit the short-circuit current and thus protecting the motor from complete failure when the short is introduced. To reduce the thermal problems, the laboratory tests were carried out at a reduced voltage of 220 V line. Fig. 3 shows the typical stator current Parks Vector pattem corresponding to a healthy motor. This pattem differs slightly from the circular locus expected for ideal conditions because the supply voltage is not exactly sinusoidal [ 2 ] .
The occurrence of inter-tum short circuits manifests itself in the deformation of the current Park's Vector pattem corresponding to a healthy condition, leading to an elliptic representation whose ellipticity increases with the seventy of the fault (Figs. 3-6 ) and whose major axis orientation is associated to the faulty phase (Figs. 6-8) . stator windings of operating three-phase induction machines. The on-line diagnosis is based on identifying the appearance of an elliptic pattem, corresponding to the motor current Parks Vector representation, whose ellipticity increases with the severity of the fault and whose major axis orientation is associated to the faulty phase.
Further work is currently in progress concerning the use of this approach for diagnosing also stator winding faults in three-phase synchronous machines.
